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(54) Pressure compensated turbine nozzle 

(57) A turbine nozzle includes inrsr and outer 
bands (22,24) having respective air inlets 36,38). A plu- 
rality of hollow vanes (26) are integralK joined to the 
bands in flow communication with the imets. Each vane 
includes first and second cooling channels (40.42) 
extending between the bands which ari separated by 
an inclined septum (46) which converges che two chan- 
nels away from the corresponding inle:s for reducing 
pressure drop as the cooling air is discharged. 
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Descripti n 

[0001] The present invention relates generally to 
gas turbine engines, and, more specifically, to turbine 
nozzle cooling therein. 

[0002] In a gas turbine engine, air is pressurized in 
a compressor and mixed with fuel and ignited in a com- 
bustor for generating hot combustion gases which flow 
through turbine stages for extracting energy therefrom. 
In a turbofan engine, a high pressure turbine powers the 
compressor, and a low pressure turbine powers a fan 
disposed upstream from the compressor. Each turbine 
includes a stationary turbine nozzle having vanes 
mounted between inner and outer bands, followed in 
turn by a row of rotor blades extending outwardly from a 
rotor disk. 

[0003] The high pressure turbine nozzle is disposed 
at the outlet of the combustor and receives therefrom 
combustion gases at the honest temperature, with the 
temperature decreasing as energy is extracted from the 
gases in the downstream turbine stages. Both the noz- 
zle vanes and rotor blades have hollow airfoils through 
which a portion of air Wed from the . compressor is used 
for providing cooling thereof. Bleeding cooling air from 
the compressor necessarily decreases the overall effi- 
ciency of the engine, and it is therefore desired to use 
as little cooling air as possible while adequately cooling 
the vanes and blades. 

[0004] The vanes are stationary components 
whereas the blades are rotary components, and there- 
fore have corresponc -gly different coc ng arrange- 
ments in view of thei r different operating environment 
including centrifugal and thermal stress, and variations 
in heat transfer coefficient between the combustion 
gases and the respective airfoils thereof 
[0005] In one type zf turbofan aircraft engine enjoy- 
ing successful comme-cial use in this coL~try for many 
years, the high pressL-e turbine nozzle deludes three 
radial cooling channels between the leading and trailing 
edges of the vane airfois, which are separated by corre- 
sponding radial ribs or bridges. Cooling air is provided in 
each vane through a common inlet in the outer band 
thereof, with a portion of the air splitting radially inwardly 
through a leading edge channel and an adjacent mid- 
chord channel. Except at the common outer inlet for the 
two channels, the cooling air is separately channeled 
therethrough. 

[0006] The vanes include various film cooling holes 
through the pressure and suction sides thereof from 
which the air from the two channels is discharged for 
providing external film cooling of the vanes during oper- 
ation. 

[0007] The nozzle also includes a third, or trailing 
edge channel disposed aft of the midchord channel and 
separated therefrom by a corresponding rib or bridge. 
This third channel includes spaced apart pins betwe n 
the pressur and suction sides of the vane for nhanc- 
ing heat transfer of the cooling air channeled therebe- 



tween. Each vane includes a row of trailing edge outlet 
holes from which the cooling air in the third channel is 
discharged. 

[0008] The third channel may receive its cooling air 
5 from its own inlet at the outer band, as well as an addi- 
tional portion of the air from Che second channel by trun- 
cating the midchord rib at &s inner end. In an alternate 
embodiment, the midchord rib may include a row of 
crossover holes which provioe the sole source of air into 
10 the third channel from the second channel along its 
span height. 

[0009] To enhance the cooling effectiveness of the 
air channeled through the midchord channel, trans- 
versely extending turbulator ribs are typically disposed 
15 inside the pressure or concave side of the vane. Neither 
the first nor the third channels include turbulators to 
avoid the pressure drop associated therewith for maxi- 
mizing engine performance while providing acceptable 
cooling. 

20 [0010] The leading edges of the vanes typically 
have the most severe cooing requirements. They first 
receive the hot combustion gases which split along the 
pressure and suction sides of the vanes and effect sig- 
nificant stagnation pressu r e along the vane leading 

25 edges. The combustion gases have a high heat transfer 
coefficient along the vane leading edges and a high 
static pressure. 

[0011] Accordingly, the air channeled through the 
leading edge cooling channel must have sufficient pres- 
30 sure greater than that of the external combustion gases 
to effect a backflow margir to prevent ingestion of the 
hot combustion gases thrc-jgh the film cooling holes 
and into the blades. 

[0012] Pressure losses n the cooling air channeled 
35 through the vanes typically increase as the complexity 
of the cooling features increase. Although turbulators 
enhance cooling effectiveness they do so at the corre- 
sponding penalty and associated pressure losses there- 
with. This in turn requires nat the provided cooling air 
40 have sufficient pressure for accommodating the 
expected losses therein for maintaining adequate back- 
flow margin along the complete extent of the cooling 
channels to the last outlet hole. 

[0013] Although the ab:ve described turbine nozzle 
45 has enjoyed many years of successful commercial use, 
a substantial power growth of the engine requires a cor- 
responding increase in cooSing of the nozzle which can- 
not be met by the present design. Engine power growth 
is being effected by a substantial increase in combus- 
50 tion gas temperature. The hotter combustion gases 
require a more effectively cooled turbine nozzle without 
excessively increasing the cooling air requirements 
from the compressor. 

[0014] Accordingly, it is desired to provide a turbine 
55 nozzle having improved cooling features while minimiz- 
ing pressure losses associat d therewith. 
[0015] A turbine nozze includ s inner and outer 
bands having respective ar inlets. A plurality of hollow 
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vanes are integrally joined to the bands in flow commu- 
nication with the inlets. Each vane includes first and 
second cooling channels extending between the bands 
which are separated by an inclined septum which con- 
verges the two channels away from the corresponding 
inlets for reducing pressure drop as the cooling air is 
discharged. 

[0016] The invention will now be described in 
greater detail, by way of example, with reference to the 
drawings, in which: 

Figure 1 is a partly sectional, axial view of a portion 
of a high pressure turbine nozzle disposed at an 
outlet of a combustor in accordance with an exem- 
plary embodiment of the present invention. 
Figure 2 is partly sectional, isometric view of a sec- 
tor of the turbine nozzle illustrated in Figure 1 show- 
ing cooling channels therein in accordance with an 
exemplary embodiment. 

Figure 3 is an axial sectional view through one of 
the nozzle vanes illustrated in Figure 2 and taken 
generally along line 3-3. 

Figure 4 is an axial sectional view through one of 
the nozzle vanes, lace Figure 3, including therein 
impingement baffles in accordance with another 
embodiment of the invention. 

[0017] Illustrated in Figure 1 is a high p-essure tur- 
bine nozzle 10 disposed at the outlet end c* an annular 
combustor 12, shown in part. The nozzle and combus- 
tor are axisymmetrical about a longitudinal or axial cen- 
terline axis 14, and are suitably mountec inside an 
annular casing 16. 

[0018] The nozzle a~d combustor are part of a gas 
turbine engine which ma> have any convenLDnal config- 
uration in which air 18 s pressurized in a multistage 
compressor (not shown 1 and mixed with fue and ignited 
in the combustor for generating hot comb^suon gases 
20 which are dischargee through the nozzie to a first 
stage row of turbine rotor blades (not shown) extending 
outwardly from a supporting rotor disk. The compressor 
is powered by this first, or high pressure turbine, and a 
low pressure turbine (not shown) is typicaiiy disposed 
downstream from the first turbine for extracting addi- 
tional energy from the combustion gases to power a 
conventional fan (not shown) disposed upstream from 
the compressor for a typical turbofan aircraft engine 
application. 

[0019] The turbine nozzle 10 includes a radially 
inner band or hub 22 and a radially outer band 24 
between which a plurality of circumferentially spaced 
apart stator vanes 26 extend integrally therewith, typi- 
cally in the form a unitary casting. 
[0020] As shown in Figure 2, the turbine nozzle is 
typically formed in a plurality of circumferential sectors, 
one being shown, with correspondingly arcuate inner 
and outer bands having two or more vanes therein. The 
sectors are arrang d in a full ring having suitable seals 



therebetween for reducing thermal stress therein during 
operation under expansion and contraction of the com- 
ponents as subjected to the hot combustion gases 20 
and cooling air 18. The cooling air is obtained by bleed- 
5 ing a portion of the air channeled through the compres- 
sor and suitably channeling i through the individual 
vanes, which are hollow. 

[0021] Each vane 26 has a generally concav , 
pressure side 28 and a generally convex, suction side 

w 30 extending axially between leading and trailing edges 
32, 34 and radially between the inner and outer bands. 
The combustion gases first engage the vanes at the 
leading edges 32 and then spit around the two sides of 
the vane for flow thereover and past the trailing edges. 

15 Accordingly, the combustion gases experience a maxi- 
mum static pressure at the vane leading edges which 
then decreases around the sides of the vanes. 
[0022] A cross sectional v«w of one of the vanes 26 
illustrated in Figure 2 is shown in more detail in Figure 

20 3. The inner band 22 includes a radially inner first inlet 
36 for receiving a corresponding portion of the cooling 
air 18, with the outer band 24 ncluding a corresponding 
radially outer or second inlet 38 for a respective portion 
of the cooling air. 

25 [0023] Each of the vanes also includes a first cool- 
ing circuit or channel 40 extending radially between the 
inner and outer bands in flow communication with the 
first inlet 36. A second coofng circuit or channel 42 
extends through each vane radially between the outer 

30 and inner bands in flow comrrunication with the second 
inlet 38. In the preferred embodiment illustrated in Fig- 
ure 3, a third cooling circuit c channel 44 extends radi- 
ally between the inner and outer bands adjacent the 
second channel along the tra* »ng edge. 

35 [0024] The three channe s 40,42,44 are disposed 
adjacent to each other and a*e separated in turn by a 
radially extending septum and a radially extending 
rib or bridge 48 integrally fo — >ed at their radially outer 
ends with the corresponding inner and outer bands. 

40 [0025] In the preferred embodiment illustrated in 
Figure 3, the first channel 40 is disposed inside the vane 
immediately behind the vane leading edge 32, with the 
second channel 42 being disposed immediately aft of 
the first channel, and followec in turn by the third chan- 

45 nel 44 disposed adjacent the vane trailing edge 34. The 
first channel 40 is thusly a leading edge cooling chan- 
nel, the third channel 44 is a trailing edge cooling chan- 
nel, and the second channe^ 42 is a midchord cooling 
channel disposed therebetween and spaced respec- 

50 tively from the leading and trailing edges. 

[0026] The first channel £0 is fed cooling air by the 
corresponding first air inlet 36 at the inner band 22, and 
the second channel 42 is fed cooling air through the 
second air inlet 38 at the outer band 24. In this way, the 

55 leading edge and midchord cooling channels have sep- 
arate and independent sources of cooling air with maxi- 
mum pressure and maximum cooling capability. And, 
the cooling air is deliverec to these two channels 
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through independent flowpaths from the common com- 
pressor radially inwardly of the inner band aad radially 
outwardly of the outer band. 

[0027] Air flows through the first channel 40 for 
internally cooling the vane along its leading edge, and a 5 
plurality of first outlets 50 are disposed in the irst chan- 
nel through both the pressure and suction sides of the 
vane, and are spaced apart in rows extending between 
the inner and outer bands. The first outlets 52 are typi- 
cally in the form of inclined film cooling holes which may 10 
have any conventional configuration for discharging the 
cooling air in corresponding films over the outer surface 
of the vane for providing an insulating air barrier against 
the hot combustion gases. 

[0028] Similarly, the second channel 42 includes a 15 
plurality of second outlets 52 extending through both the 
pressure and suction sides of the vane and spaced 
apart in rows between the inner and outer bands. 
[0029] The first and second outlets 50,52 are pref- 
erably disposed in radial rows through the vane pres- 20 
sure and suction sides as inclined film cooing holes 
having any conventional configuration fer forming 
respective films of cooling air along the outer surface of 
the vane for providing a thermal insulatbg barrier 
against the hot combustion gases. The septum 46 is 25 
preferably imperforate, with the first outlets 5£ providing 
the sole exit for the first channel 40 for the air tnanneled 
therein through the corresponding first inlet 3? . 
[0030] Similarly, the second outlets 52 though the 
vane sides bounding the second channel -2 provide 30 
outlets for the second channel for the air :nanneled 
'herein through the second inlet 38. 
[0031] In the preferred embodiment, the nner and 
outer bands are imperforate below and above the third 
channel 44, with the bridge 48 including a rcw of addi- 35 
tional second outlets in the form of crossover outlets 54 
extending through the bridge in flow conrr-unication 
oetween the second and third channels 42-^4. In this 
way, a portion of the air channeled through re second 
channel 42 is discharged therefrom through die bridge 40 
48 for supplying cooling air to the third channel 44 for 
cooling this portion of the vane. The air from the third 
channel 44 is discharged therefrom through a row of 
trailing edge outlet holes 56 along the trailing edge 34 of 
the vane. 45 
[0032] The imperforate septum 46 isolates the first 
channel 40 from the second channel 42 for maximizing 
cooling performance of the air channeled behind the 
vane leading edge. As indicated above, as the combus- 
tion gases 20 split during operation arounc the vane so 
leading edge 32, they experience maximum static pres- 
sure. The isolated leading edge cooling channel 40 
ensures that the corresponding pressure of trie cooling 
air 18 channeled therein remains as high as possible for 
providing a suitable backflow margin for areventing 55 
ingestion of the hot combustion gases through th first 
outl ts 50 during operation. 

[0033] Howev r, as th cooling air 18 travels radi- 



ally outwardly through the first channel 40 it experi- 
ences pressure losses due to friction. Accordingly, the 
septum 46 is inclined between the inner and outer 
bands for being further from the I ading edge 32 at the 
former and closer to the leading edge at the latter so 
that the first channel 40 converges away from the first 
inlet 36. 

[0034] The converging first channel reduces the 
cross sectional flow area thereof as the air travels radi- 
ally outwardly and is discharged in turn through corre- 
sponding ones of the first outlets 50. The converging 
first channel 40 therefore better matches the decreasing 
flowrate of the remaining air with the decreasing flow 
area to minimize the reduction in velocity and pressure 
of the cooling air as it travels radially outwardly through 
the first channel 40 for increasing the heat transfer cool- 
ing effectiveness thereof and corresponding backflow 
margin. In this way, the vane leading edge 32 is pres- 
sure compensated for more effective cooling against the 
heat influx from the hot combustion gases 20 for a given 
amount and given pressure of the supplied cooling air 
18. 

[0035] The inclined septum 46 which forms one 
boundary of the second channel 42 preferably cooper- 
ates with the bridge 48 for converging the second chan- 
nel 42 radially inwardly away from the second inlet 38. 
The bridge 48 is preferably inclined oppositely to the 
septum 46 for maximizing the convergence of the sec- 
ond channel 42 away from the second inlet 38. The 
common septum 46 thusly permits the first and second 
channels 4C 42 to separately converge away from their 
respective ir<ets, and oppositely to each other. 
[0036] The second channel 42 converges with a 
reduced cross sectional area from the outer band to the 
inner band to accommodate the loss in cooling air as it 
is discharged from the corresponding outlets 52,54. The 
pressure and velocity of the cooling air in the second 
channel 42 is thusly maintained more constant even as 
the air is discharged in sequence from the holes. This 
improves the cooling effectiveness of the air as it flows 
through the second channel, while also maintaining a 
suitable backflow margin across the film cooling outlets 
52 in the same manner as in the leading edge channel 
40. 

[0037] Each of the first and second channels 40,42 
have separate and dedicated air inlets 36,38 so that the 
critical vane leading edge 32 may be cooled to full 
potential by the available cooling air channeled through 
the first channel 40. Since the midchord channel 42 is 
subject to less heating from the combustion gases flow- 
ing outside the vane, the cooling air delivered thereto 
has additional potential for not only cooling the vane at 
the midchord region but aft therefrom. 
[0038] Accordingly, the crossover outl ts 54 remove 
a portion of the cooling air from the second channel 42 
for us in cooling th van aft therefrom through the 
third channel 44. The initially radially directed air flowing 
through the second channel 42 flows axially through th 
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crossover holes 54 and third channel 44 for a discharge 
through the trailing edge holes 56. 
[0039] As shown in Figure 3, each of the vanes 
preferably also includes a plurality of turbulators 58 dis- 
posed in each of the first and second channels 40,42 5 
preferably along both the pressure and suction sides 
thereof for enhancing cooling effectiveness of the cool- 
ing air 18. The turbulators 58 are in the form of axially 
extending ribs disposed perpendicular or transverse to 
the radial direction of the cooling air 18, and are spaced 10 
apart from each other at a pitch spacing A. The tabula- 
tors trip the cooling air as it flows radially through the 
first and second channels 40,42 for enhancing cooling 
effectiveness thereof. 

[0040] The turbulators may have any conventional 15 
form and typically have an equal width and height of 
about 0.4 mm, with a pitch spacing A of about 1 3 mm, 
for example. And, as illustrated in Figure 2, the ttrbula- 
tors 58 on the opposite pressure and suction sbes of 
the vane are preferably radially staggered in a conven- 20 
tional manner. 

[0041] Correspondingly, the third channel 44 
includes a plurality of pins 60 which extend completely 
across the channel between the opposite pressure and 
suction sides of the vane for also providing turbulence 25 
and increased cooling effectiveness in the third channel 
44 in a conventional manner. 

[0042] Since the turbulators 58 correspondingly 
reduce the available pressure of the cooling a" as it 
flows through the first and second channels, the turbula- 30 
tors are preferably provided therein except in the first 
cnannel 40 adjacent the first inlet 36 at the inne' sand. 
As shown in Figure 3, the first channel 40 includes a tur- 
bulator-less region over an initial part- span heght B 
from the inner band which is devoid of the turbulaiors on 35 
both sides of the vane. The first channel 40 thush nas a 
continuous and smooth entrance region of spar -eight 
B without turbulators to avoid the introduction of unde- 
sirable pressure losses in the cooling air. 
[0043] Since the cooling air at the entrance of the 40 
first channel has its maximum pressure and velocity, the 
air has maximum cooling effectiveness for sufficiently 
cooling the vane leading edge region near the inner 
band without the need for the turbulators. Furthermore, 
the radial distribution of the combustion gases 20 as 45 
they engage the vane leading edge has correspond- 
ingly reduced temperature near the inner and outer 
cands thusly permitting the removal of turbulators at the 
entrance of the first channel. 

[0044] The entrance span height B of the firs; chan- 50 
nel devoid of turbulators may be determined fc* each 
design application, and in the exemplary embodiment 
illustrated in Figure 3 is about a quarter of the fuH span 
height of the vane at the leading edge. Depending upon 
the turbulator pitch spacing A, multiple turbulators 58 55 
could otherwise be introduced in th entrance of the first 
cnann I, but are not requir d. 

[0045] Although the entrance of the first channel 40 



is devoid of turbulators, the first channel nevertheless 
preferably includes turbulators up t the outer band 24 
in accordance with conventional practice, and the sec- 
ond channel 42 preferably includ s the turbulators 58 
over its full radial extent from the outer band 24 to the 
inner band 22. 

[0046] Turbine nozzles typically include impinge- 
ment baffles in corresponding cavities or channels 
therein for providing enhanced cooling effectiveness 
using impingement cooling. However, in the preferred 
embodiment iflustrated in Figure 3, the first and second 
channels 40,42 are preferably empty without impinge- 
ment baffles therein, with cooling being provided solely 
by internal convection through the corresponding chan- 
nels with external film cooling from the corresponding 
outlets thereof In this way the complexity of introducing 
impingement baffles is avoided, while otherwise provid- 
ing effective cooling of the vanes, especially at their 
leading edges 

[0047] The improved turbine nozzle disclosed 
above provides a combination of features having 
improved cooing effectiveness in a relatively simple 
manner. The strategic use of the turbulators and the 
converging channels 40,42 provides preferential cool- 
ing, especially at the vane leading edges,, while maxi- 
mizing the velocity and pressure of the cooling air along 
its separate fiowpaths. The loss of air in the two chan- 
nels is compensated by reducing the flow area to 
reduce pressure drop. Enhanced cooling while main- 
taining effective backflow margins is obtained in a tur- 
bine nozzle having a correspondingly long useful life. 
[0048] However, as the engine for which the nozzle 
10 is originally designed is grown in new models for 
higher power output, the cooling effectiveness of the 
nozzle will meet its limit. Higher power typically requires 
higher combustion gas temperature which would signif- 
icantly shorts' :he useful life of re nozzle having lim- 
ited cooling car ability. 

[0049] The improved nozzle 10 as described above 
has converging air channels 40,42 which are benefi- 
cially configured for later incorporating corresponding 
impingement baffles 62 for providing additional cooling. 
The baffles 62 are sheet metal sleeves disposed in 
respective ones of the first and second channels 40,42. 
[0050] The first and second inlets 36,38 are prefer- 
ably sized as large as the first and second chann Is 
thereat, and the baffles include correspondingly large 
inlets 64 disposed at the inner and outer bands 22,24, 
respectively. T~e cooling air 18 first enters the baffles at 
their inlets, and is discharged through impingement 
holes 66 therein as jets of cooling air directed against 
the inner surfaces of the vanes. 

[0051] Impingement cooling effects increased h at 
transfer coefficient for improved internal cooling, but this 
is at the expense of a substantial pressure drop across 
the impingement holes. Accordingly, nozzles designed 
without impingement baffles cannot be retrofitted with 
impingement baffles because the pressure drop will cor- 
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respondingly reduce the backScw margin at the vane 
fihvcooling outlet holes below a suitable value. The use 
of impingement baffles usually requires an overall 
cfange in design of the turbine nozzle for their incorpo- 
ration to maintain adequate backflow margin. 5 
[BS52] A particular advantage of the tapered-chan- 
net n zzle design illustrated In figures 3 and 4 is the 
aMty to use the same design, without modification, 
ether without or with the impingement baffles 62. The 
first and second channels 40,42 and outlet holes therein 10 
ave initially configured and sized to maintain positive 
backflow margin not only wihout the baffles, but also 
wlh the baffles irrespective of the substantial pressure 
*op resulting therefrom. 

[0053] The same nozzle design may therefore be 15 
used in a gas turbine engine with or without the baffles 
62. and therefore avoids the need to redesign the noz- 
ze for engine growth. 

[0054] The tapered flow channels 40,42 have large 
inets attributable thereto, and allow the use of baffles 20 
having correspondingly large inlets 64. The large baffle 
inets provide a minimum restriction to flow of the cool- 
rg air initially channeled therethrough and limit the 
acceleration thereof. Acceleration of the cooling air is 
undesirable because the associated static pressure 25 
decreases, thusly decreasing the available pressure 
which drops across the impingement holes. The 
tsoered baffles maximize the available pressure of the 
cooling air as the baffles converge to their distal ends to 
r-aintain backflow margin over the span of the vane. 30 
[0055] Nozzles used without the impingement baf- 
f-ss enjoy a substantial reduci on in cost, while providing 
elective cooling for long life. As the engine design 
grows in power, the same nozzle design may then be 
iwofitted with the baffles without the cost associated 35 
v»Th the redesign thereof ordinarily required. Additional 
a r pressure may be readily obtained from the engine 
Mmpressor for driving the cooling air through the baf- 
^ed-nozzle for enhance cooling thereof. 
[0056] For the sake of good order, various features 40 
of the invention are set out in the following clauses:- 

1. A turbine nozzle 10 comprising: 

an inner band 22 having a first inlet 36 for 45 
receiving cooling air 18; 

an outer band 24 having a second inlet 38 for 
receiving cooling air: 

a plurality of vanes 26 extending integrally 

between said bands, and each vane having 50 

opposite pressure and suction sides 28,30 

extending between leading and trailing edges 

32,34 and between said bands; 

a first cooling channel 40 extending through 

each of said vanes between said bands in flow 55 

communication with first inlet; 

a second cooling channel 42 extending through 

each f said vanes between said bands in flow 



communication with second inlet 38; and 
a septum 46 disposed in each of said vanes to 
separat said first and second channels, and 
being inclined for converging said first channel 
away from said first inlet, and converging said 
second channel 42 away from said second 
inlet. 

2. A nozzle according to clause 1 wherein: 

said first channel 40 includes a plurality of first 
outlets 50 spaced apart between said bands 
22,24: and 

said second channel 42 includes a plurality of 
second outlets 52 spaced apart between said 
bands. 

3. A nozzle according to clause 2 wherein each of 
said vanes 26 further includes a plurality of turbula- 
tors 58 disposed in each of said first and second 
channels 40,42 along both said pressure and suc- 
tion sides 28,30. 

4. A nozzle according to clause 3 wherein said first 
channel 40 is devoid of said turbulators 58 adjacent 
said first inlet 36, and said second channel 42 
includes said turbulators 58 adjoining said second 
inlet 38. 

5. A nozzle according to clause 4 wherein said first 
channel 40 includes said turbulators 58 up to said 
outer band 24, and said second channel 42 
includes said turbulators up to said inner band 22. 

6. A nozzle according to clause 4 wherein said first 
channel 40 is disposed behind said vane leading 
edge 32, and said second channel 42 is disposed 
aft of said first channel 40 doser to said trailing 
edge 34. 

7. A nozzle according to clause 4 wherein: 

each of said vanes 26 further includes a third 
cooling channel 44 extending between said 
bands 22,24, and separated from said second 
channel 42 by a bridge 48; and 
said second outlets include a row of crossover 
outlets 54 through said bridge in flow communi- 
cation between said second and third channels 
42,44. 

8. A nozzle according to clause 7 wherein said 
bridge 48 is inclined oppositely to said septum 46 
for converging said second channel 42 away from 
said second inlet 38. 

9. A nozzle according to clause 7 wherein each of 
said vanes 26 further includes a row of trailing edge 
holes 56 disposed in flow communication with said 
third channel 44 for discharging said cooling air 
therefrom along said vane trailing edge 34. 

10. A nozzle according to clause 4 wherein said first 
and second outl ts 50.52 are disposed through 
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said vane pressure and suction sides 28,30 as film 
cooling holes. 

T 1 . A nozzle according to clause 4 wherein said first 
and second channels 40,42 are empty. 
112. A nozzle according to clause further comprising 5 
irnpingement baffles 62 disposed in respective 
ones of said first and second channels 40,42. 

13. A nozzle according to clause 12 wherein said 
first and second inlets 36,38 are as large as said 
first and second channels 40.42 thereat, and said 10 
baffles 62 include correspondingly large inlets 64 

for reducing acceleration of said cooling air there- 
through. 

14. A nozzle according to clause 13 wherein said 
irst and second channels 40,42 and outlet holes is 
herein are sized for maintaining positive backflow 
margin across said outlet holes with and without 
said impingement baffles 62 therein. 

*5. A method of using said nozzle according to 
clause 13 comprising: 20 

using said nozzle 10 in a gas turbine engine 
without said impingement baffles 62 therein; 
and 

using the same design of said nozzle 10 in 25 
another gas turbine engine with said impinge- 
ment baffles 62 therein. 

16. A turbine nozzle 10 comprising: 

30 

inner and outer bands 22.24 having respective 

first and second air inlets 36,38; 

a plurality of hollow vanes 26 joined integrally 

to said bands in flow communication with said 

air inlets; and 35 

first, second, and thir: cooling channels 

40,42,44 extending through 

each of said vanes 26, and separated in turn by a 
septum 46 and a bridge 48 inclined for separately 40 
converging said first and second channels 40,42 
appositely to each other. 

17. A nozzle according to clause 16 wherein: 

said first channel 40 includes said first air inlet 45 

36 at said inner band 22: 

said second channel 42 includes said second 

air inlet 38 at said outer band 24; and 

all three channels include respective outlet 

holes 50,52,54,56 for discharging said cooling so 

air therefrom. 

18. A nozzle according to clause 17 wherein said 
septum 46 is imperforate, and said outlet holes 50- 

56 are disposed in rows through said pressure and 55 
suction sides 28,30 of said vanes, and in a row 
inrough said bridge 48, and in another row along a 
-railing edge 34 of said vanes. 



19. A nozzle according to clause 18 wherein both 
said first and second channels 40.42 include turbu- 
lators 58 therein, except in said first channel 40 
adjacent said first inlet 36 at said inner band 22. 

20. A nozzle according to clause 19 wherein said 
first channel 40 is devoid of said turbulators 58 for 
about a quarter span of said vanes 26 from said 
inner bands 22. 

21. A nozzle according to clause 19 wherein said 
first channel 40 is disposed behind a leading edge 
32 of each vane, said second channel 42 is dis- 
posed aft therefrom, and said third channel 44 is 
disposed adjacent said vane trailing edge 34. 

22. A nozzle according to clause 18 further com- 
prising impingement baffles 62 disposed in respec- 
tive ones of said first and second channels 40,42. 

23. A nozzle according to clause 22 wherein said 
first and second inlets 36,38 are as large as said 
first and second channels 40,42 thereat, and said 
baffles 62 include correspondingly large inlets 64 
for reducing acceleration of said cooling air there- 
through. 

24. A nozzle according to clause 23 wherein said 
first and second channels 40,42 and outlet holes 
therein are sized for maintaining oositive backflow 
margin across said outlet holes with and without 
said impingement baffles 62 therein. 

25. A method of using said nozzle according to 
clause 23 comprising: 

using sad nozzle 10 in a cas turbine engine 
without said impingement raffles 62 therein: 
and 

using the same design of said nozzle 10 in 
another gas turbine engine with said impinge- 
ment ba^es 62 therein. 

Claims 

1. A turbine nozzle (10) comprising: 

an inner band (22) having a first inlet (36) for 
receiving cooling air (18); 
an outer band (24) having a second inlet (38) 
for receiving cooling air; 

a plurality of vanes (26) extending integrally 
between said bands, and each vane having 
opposite pressure and sucion sides (28,30) 
extending between leading and trailing edges 
(32,34) and between said bands; 
a first cooling channel (40) extending through 
each of said vanes between said bands in flow 
communication with first inlet; 
a second cooling channel (42) extending 
through each of said van s between said 
bands in flow communication with second int t 
(38); and 

a septum (46) disposed in each of said vanes 
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to separate said first and second channels, and 
being inclined for converging said first channel 
away from said first inlet, and converging said 
second channel (42) away from said second 
inlet. 5 

2. A nozzle according to claim 1 wherein: 

said first channel (40) includes a plurality of first 
outlets (50) spaced apart between said bands to 
(22.24); and 

said second channel (42) includes a plurality of 
second outlets (52) spaced apart between said 
bands. 

15 

3. A nozzle according to claim 1 or 2 wherein each of 
said vanes (26) further includes a plurality of turbu- 
lators (58) disposed in each of said first and second 
channels (40,42) along both said pressure and suc- 
tion sides (28,30). 20 



(50-56) are disposed in rows through said pressure 
and suction sides (28.30) of said vanes, and in a 
row through said bridge (48). and in another row 
along a trailing edge (34) of said vanes. 

9. A nozzle according to claim 6, 7 or 8 wherein both 
said first and second channels (40.42) include ta- 
bulators (58) therein, except in said first channel 
(40) adjacent said first inlet (36) at said inner band 
(22). 

10. A nozzle according to claim 9 wherein said first 
channel (40) is devoid of said turbulators (58) for 
about a quarter span of said vanes (26) from said 
inner bands (22). 



4. A nozzle according to claim 3 wherein said firs: 
channel (40) is devoid of said turbulators (58) adja- 
cent said first inlet (36), and said second channe 
(42) includes said turbulators (58) adjoining sa\z 25 
second inlet (38). 



5. A nozzle according to claim 4 wherein said first 
channel (40) includes said turbulators (58) up to 
said outer band (24), and said second channel (42' 30 
includes said turbulators up to said inner band (22 



6. A turbine nozzle 10 comprising: 



inner and outer bands (22,24) having respec- 35 
tive first and second air inlets (36,38); 
a plurality of hollow vanes (26) joined integral':- 
to said bands in flow communication with sa>: 
air inlets; and 

first, second, and third cooling channels 40 
(40,42,44) extending through each of said 
vanes (26), and separated in turn by a septum 
(46) and a bridge (48) inclined for separately 
converging said first and second channels 
(40,42) oppositely to each other. 45 



7. A nozzle according to claim 6 wherein: 



said first channel (40) includes said first air inlet 
(36) at said inner band (22); 50 
said second channel (42) includes said second 
air inlet (38) at said outer band (24); and 
all three channels include respective outlet 
holes (50,52,54,56) for discharging said cool- 
ing air therefrom. 55 

8. A nozzle according to claim 6 or 7 wher in sair 
septum (46) is imperforate, and said outlet holes 
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